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One can get the impression from the Reissner-Nordstrøm solution of Einstein’s equations that
the charge of a body reduces its gravitational field. This looks surprising since the energy of
the electrostatic field surrounding a charged body, must contribute positively, as an additional,
”electromagnetic mass”, to the gravitational field produced by the body. We resolve this puzzle
by showing that the mass M in the Reissner-Nordstrøm solution is not the ”bare mass” of
the body, but its ”renormalized mass”. I. e. M , in addition to the bare mass, includes the
total electromagnetic mass of the body. But at finite distances from the body only a part of
the electromagnetic mass contributes to the gravitational field. That is why the gravity of a
charged body is determined by the quantity smaller than M .
Reissner and Nordstrøm1 showed that outside of a spherically symmetric (or a point-like) body with
the mass M and the charge Q, as they are measured by a distant observer, the space-time interval can be













)−1dr2 + r2(dθ2 + sin2θ dφ), (1)
where G is the gravitational constant; c is speed of light; t is time; and r, θ, and φ are space variables in the
spherical coordinate system. Such a space-time interval describes an isotropic, static gravitational field.
For r  2GM/c2 and r  G1/2Q/c2 the metric determined by Eq. (1) is almost flat and represents
the Newtonian limit of Einstein’s gravitational theory. Particularly,









It is well known2 that in such a case the equation of the motion for a uncharged test mass moving slowly

















As follows from Eq. (5) the acceleration of a neutral test particle depends not only on the mass of the
source body, but on its charge as well. It is interesting but not really surprising since the electrostatic field
surrounding a body has energy, and, according to the theory of relativity, must contribute to the gravitational
force. However, this consideration should lead one to the conclusion that a gravitational field produced by a
charged body is stronger than the gravitational field produced by a neutral body of the same mass. But one
1
can see that the charge dependent term in Eq. (5) is subtracted from the usual gravity potential, reducing
the total gravitational field.
In order to resolve this puzzle let us derive Eq. (5) by using Newton’s theory (plus the relation between
mass, m and energy, W , W = mc2). This, in turn, requires one to clarify the physical meaning of the
parameter M in Eq. (5). As was mentioned above, M is mass, as measured by a distant observer. From
the point of view of field theory it means that M is the ”renormalized mass”, which is the sum of, the ”bare
(or intrinsic) mass”, M0, of a charged body and the additional, ”electromagnetic mass” due to the energy
of its self-field - the electrostatic field surrounded the body.3 Assuming for simplisity that condition (3) is
satisfied everywhere in empty space, i. e. the space outside the body is flat, one can express M as




| E |2 d3x , (6)
where E is the electric field, and the integration is taken over the whole space outside the body.
Let us now place a neutral test particle in space, at a distance r from the center of the charged spherical
body under consideration. Due to spherical symmetry, as follows from the Gauss’ law, only the mass, which
is inside the sphere of the radius r, will give a contribution to the gravitational force acting on the test






| E |2 d3x , (7)
where V is a volume between the body and the sphearical surface of the radius r, one can find from Newton’s













| E |2 d3x , (9)








where n is a unit vector directed along the radius-vector, one can easily compute an integral in (9) and find
that




Substituting the expression for M(r) from Eq. (11) into Eq. (8) one can obtain Eq. (5).
So we managed to derive Eq. (5) from Newton’s theory using the concepts of bare and electromagnetic
masses of a charged body. A neutral body has only bare mass, since there is no electrostatic self-field
surrounded it. For a neutral body M ≡M(r) ≡M0.
That is why, as follows from Eqs. (7) and (8), in the case of two spherical bodies, one neutral and the
other charged, with the same bare mass, the latter will produce a stronger gravitational field.
However, if these bodies have the same renormalized mass M , the neutral body will produce stronger
gravitational field. In this case, for all finite distances r a bare mass of the neutral body exceeds the sum of




I would like to thank Vlad Savchenko for bringing to my attention the question which led to this note.
I aslo acknowledge him and Roh Suan Tung for useful discussions, and Mario Rabinowitz for comments.
a)Electronic mail: hushwater@calphysics.org
1 H. Ohanian and R. Ruffini, Gravitation and Spacetime (W. W. Norton & Company, New York, 1994), pp.
462 - 464.
2 S. Weinberg, Gravitation and Cosmology (John Weily and Sons, New York, 1972), pp. 77, 78.
3 L. D. Landau and E. M. Lifshitz, The Classical Theory of Fields (Reed, Oxford, 1975), 4th ed., pp. 91,
208. In this book, however, they discuss the renormalization of mass of only a point-like charged particle.
In such a case the bare mass of a particle has a pure nonelectromagnetic origin. In the case of a charged
body of a finite size, which is under consideration in our note, the bare mass has more complicated origin
and the separation of the mass on bare and electromagnetic parts is to some extent arbitrary. For example,
if there be an electrostatic field inside a charged body, we would include its contribution into the bare mass.
In accordence with such a possibility our definition of the electromagnetic mass involves only the energy
of the electrostatic field which is outside the body. One can include the contribution of the electrostatic
field inside the body into its electromagnetic mass instead of bare mass. This will not affect the result of
the note.
4 This concept was used earlier in other spherically symmetrical gravitational problems, see e. g. C. W. Mis-
ner, K. S. Thorne, and J. A. Wheeler, Gravitation (W.H. Freeman and Company, New York, 1990), pp.
603, 604.
5 See e. g. in Ref. 1, pp. 2, 3, 21; in Ref. 2, p. 15.
3
